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immunoregulatory and neorqregulatory pentapepttoes 



The present invention relates generally to 
peptides useful in the treatment of aging and 
abnormalities of the immune and central nervous system 


10 


15 


Background o f the invention 

. The immunomodulatory protein thymopoietin, has 

been isolated from bovine and human thymus. 
Additionally, small peptides have been chemically 


synthesized' which mimic the biological activity of 

. «■» A ^ tt Patent 4,505*853 a.nd 

thymopoietin. See, e.g. U. S. parent , 

corresponding EP Application No. 146,266. 

* bodv of articles and patents have now 


been published relating to such proteins and synthesized 
peptides. U. S. Patent No. 4,190,646 discloses the 
pentapeptide thymopentin which is the active site of 
thymopoietin and has the sequence Arg-Lys-Asp-Val-Tyr, as 
welt as peptide compositions in which various groups are 
substituted onto the amino and/or carboxyl termini of 


this pentapeptide. 
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Thymopoietin is known to regelate cholinergic 
neuromuscular transmission [G. Goldstein and ». H. 
Hoffman, Psychiatr y, 

(1968); andG. Goldstein, UataiS, 2il- l 1 " 14 (1974) 

Thii neuromuscular effect is caused by thymopoietin 
binding to the nicotinic acetylcholine receptor, a 
ligand-regulated ion channel from the vertebrate 
neuromuscular Junction and fish electric organ [f. hevah 
et .me. Natl acad. scl.ja, W :3477 - 3481 <19S7); 

and K. Venkatasubramanian et al, TTor Katl •' ' 

Dgi, 83:3171-3174 (1986)). Thymopoietin is present 
within the brain, as are thymopoietin receptors (TPE) , so 
that thymopoietin is aJmost certainly involved in brain 

function. 

Hors recently, thyopentin has been identified 

as an antagonist of stress-induced changes, exhibiting 

stress-protective activity (V. Klus. et al, regulato ry 

ppmtides . 27:355-365 (1990)]. 

' ^ere remains a need in the art for additional 

peptides as diagnostic and/or therapeutic agents which 

ari useful in treating dysfunctions of the immune system 

in mammals, including those associated with aging and 

various physical conditions, as well as peptides useful 

for treating disorders in brain functions. 
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summary nf the Invention 

The present invention describes a series of 

novel pentapeptides capable of regulating the function of 
cells of the immune and central nervous system and 
characterized by unusually high activity as 
immunomodulators in comparison to known peptides. 

As one aspect, the present invention relates to 
novel pentapeptides having the following formula: 
r«-V-W-X-Y-Z-R 2 


or a pharmaceutically acceptable acid- or base-addition 
salt thereof, wherein R 1 , V, W, X, Y, and Z are as defined 
below in the detailed description. The presence of a 
proline (or proline analog) in position 4 (or Y) of 
peptides of this invention confers upon the peptides an 


increased resistance to enzymes as compared to 
pentapeptides having similar amino acid compositions in 
position #1-3 and 5. Thus, the peptides of the invention 
have a greater in yiyo potency upon oral administration 
as compared to the peptides of the prior art. 

As another aspect, the present invention 
provides methods for preparing the above-described 
peptides by solution synthesis, solid-phase synthesis or 


enzymatic synthesis. 

In yet another aspect, the present invention 
provides pharmaceutical compositions comprising one or 
more of the above-identified peptides in combination with 
a pharmaceutically acceptable carrier. 
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Still a further aspect cf the present invention 
provides methods for treating a variety of disorders and 
deficiencies related to the immune system, in particular, 
the effects of aging caused by the shrinkage of the 
thymus gland over time, and psychiatric disorders such as 
anxiety and depression, comprising administering an 
effective amount of a pharmaceutical composition of this 

invention to an affected subject. 

other aspects and advantages of the present 

invention ate disclosed in the following detailed 
description containing exasples of presently preferred 
embodiments. 


15 



py-io-F nesr ription of the Drawings 

Fig. 1 is a bar graph illustrating the 

ensymatic stability cf thymopentin and Acetyl-Arg-Pro- 

nsp-Pro-Phe-HBj (peptide exposed to duodenum in a 

. .. a 9 3n[ i 4 hours as described in 

diffusion cell at 0 , 2 ana * 

Example 19- 

Fig. 2 shows a dose-response effect of orally- 

administered peptide XRX-514 on neuromuscular 

transmission, with a threshold dose of 0.05 mg/*g. as 

described in Example 18. 

Fig. 3 summarizes four experiments evaluating 

the ability of cells derived fro. peptide XKI-514-treated 

and placebo-treated animals to generate T suppressor 

cells, as described in Example 19. 
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Fig. 4 illustrates the effects of peptide IRI- 
514, vehicle treated, and control (unstressed) on 
behavioral response after social stress-induced anxiety 
in rats, described in Example 20. 

5 npt-.ailed rescript ! on o f the Inventi on 

The present invention provides peptides capable 

of regulating and affecting the mammalian immune and/or 
central nervous system. These pentapeptides have been 

demonstrated to have biological activity in the. 

10 neuromuscular assay, in enhancing anti-CD3 stimulated 

development of T suppressor cells, in attenuating stress 
induced elevation of HPA axis hormones, and in preventing 
stress induced behavioral changes. These pentapeptides 
are further characterized by surprising potency in oral 
15 administration in contrast to other known peptides. 

The present invention provides a series of 
novel pentapeptides having the following formula: 
r'-V-W-X-Y-Z-R 2 

or a pharmaceutically acceptable acid- or base-addition 
20 salt thereof, wherein R 1 is hydrogen or a C, to C 10 lower 

alkyl or alkanoyl; 
v is Arg; 

W is pro, dehydro-Pro or hydroxy-Pro; 

X is Asp, Ser, Thr, Ala, Asn, Glu, or Gin; 

Y is Pro, dehydro-Pro, or hydroxy-Pro; 
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Z is -he or Tyr, optionally substituted vith one or nore 

halogen, nitro or hydroryl group; 

and 

r 2 is OH or NR 3 R 4 , 

wherein R 3 and R 4 are each independently 
selected from the group consisting of H, a straight chain 
or branched alkyl or alkenyl having 1 to 6 carbon atoms, 
optionally substituted vith an aryl group or aryl 
substituted vith either a halogen or a straight chain, a 
branched alkyl or alkenyl having 1 to 6 carbbn atoms, or 
R 1 and R 4 together comprise a cyclic methylene group 

to 7 carbon atoms, and 

wherein optionally one or more of V, W, X, Y 

and Z is a D amino acid. 

Throughout this disclosure, the amino acid 

components of the peptides and certain materials used in 
their preparation are identified by abbreviations for 
convenience. Host of the three letter abbreviations for 
amino acids are veil knovn. As above indicated, all 
amino acids in the above formula are normally in the L- 
isomeric configuration; hovever in any particular peptide 
one or more amino acid may be in the D-isomeric 
conf iquratioxi. 
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Peptides of these formulae, having a Pro or 
analog thereof in amino acid position 2 and in amino acid 
position 4 are characterized by enhanced stability and 
resistance to attack by endo- and exopeptidases and 
5 trypsin-like enzymes in the digestive tract and in serum. 

This enhanced resistance to enzymatic digestion in the 
intestinal tract makes such peptides particularly well 
suited to oral administration, providing the peptides- 
with surprising potency compared to other known peptides. 

10 Because these peptides are extremely-active in oral 

dosages, they are especially well suited for a 
pharmaceutical preparation in tablet form. 

One preferred pentapeptide is Acetyl-Arg-Pro- 
Asp-Pro-Z-NH 2 , where Z may be Tyr or the optionally- 

15 substituted Phe selections. A presently most preferred 

pentapeptide is Acetyl-Arg-Pro-Asp-Pro-Phe-NH 2 (SEQ ID NO 
1], called IRI-514. Surprisingly, this peptide has high 
oral potency. 

Particularly preferred peptides of this 

20 invention, therefore, include: 

" Acetyl-Arg-Pro-Asp-Pro-Phe-NH 2 [SEQ ID NO: 1] 

Acetyl-Arg-Pro-Asp-Pro-Tyr-NH 2 [SEQ ID NO: 2) 
Acetyl-Arg-Pro-Asn-Pro-Phe-NH 2 [SEQ ID NO: 3] 
Acetyl-Arg-Pro-Asn-Pro-Tyr-NH 2 [SEQ ID NO: 4] 
Acetyl-Arg-Pro-Ala-Pro-Phe-NH 2 [SEQ ID NO: 5] 
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Acetyl-Arg-Pro-Ala-Pro-Tyr-NH, [SEQ ID BO: 6) 

Acetyl-Arg-Pro-Glu-Pro-Tyr-SH, [SEQ ID BO: 7) 

Acetyl-Arg-Pro-Ser-Pro-Phe-NH, [SEQ ID BO: S] 

A=etyl-Arg-Pro-Thr-Pro-Phe-»H, [DEO ID BO: 91 

Acetyl-Arg-Pro-Thr-Pro-Tyr-BHj [SEQ ID BO: 10] 

Acetyl-Arg-Pro-Ser-Pro-Tyr-HHj [SEQ ID BO: 11] 

Acetyl-Arg-Erc-Asp-Pro-pCIPhe-BH, [SEQ ID BO: 12] 

Decanoyl-Arg-Pro-Asp-Pro-Phe-BHj [SEQ ID BO: 13] 

Acetyl-Arg-ProHSlu-Pro-Phe-BH, [SEQ ID BO: 14] 

' Butyryl-Arg-Pro-Asn-Pro-Pbe-BHj [SEQ ID B0= IS] 

Although well adapted for oral therapies, the 
peptides according to the-invention may also be 
administered by any suitable route, e.g. by injection or 

topically. Pet h» i» P~P“ ations ' Pre£erably ' 

decanoyl is substituted for Acetyl at position tf because 
its lipophilic properties mate it particularly well 

suited for absorption into the skin. 

The peptides of this invention may generally be 

prepared following bnown technigues. Conveniently, 

synthetic production of the polypeptide of the invention 
my be according to the solid phase synthetic method 
described by Berrifield in WAS. «L= H«-2154 

(1963) ■ This technique is well understood and is a 
common method for preparation of peptides. The solid 
phase method of synthesis involves the stepwise addition 
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of protected amino acids to a growing peptide chain which 
is bound by covalent bonds to a solid resin particle, ssv 
this procedure, reagents and by-products are removed by 
filtration, thus eliminating the necessity of purifying 
intermediates. The general concept of this method 
depends on attachment of the first amino acid of the 
chain to a solid polymer by a covalent bond. Succeeding 
protected amino acids are added, one at a time (stepwise 
strategy), or in blocks (segment strategy), until the 
desired sequence is assembled. Finally, the protected 
peptide is removed from the solid resin support and the 

protecting groups are cleaved oft. 

The amino acids may be attached to any suitable 
polymer as a resin. The resin must contain a functional 
group to which the first protected amino acid can be 
firmly linked by a covalent bond. Various polymers are 
suitable for this purpose, such as cellulose, polyvinyl 
alcohol, polymethylmethacrylate, and polystyrene. 
Appropriate protective groups usable in such synthesis 
include t-butyloxycarbonyl (Boc), benzyl (Bzl), t- 
amyloxycarbonyl (Aoc), tosyl (Tos), o-bromo- 
phenylmethoxycarbony1 (BrZ), 2 ,6-dichlorobenzyl (BzlCl 2 ) , 
and phenylmethoxycarbony1 (Z or CBZ). Additional 
protective groups are identified in Merrifield, cited 
above, as well as in J.F.W. McOmie, "Protective Groups in 
Organic Chemistry", Plenum Press, New York, 1973. Both 
of these texts are incorporated herein by reference. 
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T6 n general procedure of preparation of the 
peptides of this invention involves initielly caching 
the protected carboxyl-terminal shine acid to the re. am. 
after attachment the resin is filtered, washed and the 
protecting group (desirably t-butyloxycarbonyl, on the 
alpha amino group of the carboxyl-terminal amino acid rs 
removed. The removal of this protecting group must tah 
place, Of course, without treating the hond hetween that 
amino acid and the resin. The next amino, and af 
necessary., side chain protected amino acid, is then 
coupled to the free e-amino group of the amino acid on 
the resin. This coupling tabes piece hy the formataon c 
an amide hond hetween the free carboxyl group of the 
second amino acid and the amino group of the first amano 
acid attached to the resin. This seguence of events as 
repeated with successive amino acids until all amino 
acids are attached to the resin. Finally, the protects 
peptide is cleaved from the resin and the protecting 
groups removed to reveal the desired peptide. The 
cleavage technics used to separate the peptide from the 
resin and to remove the protecting groups depend upon the 

• protecting groups and are Known to 

selection of resin and protecting y 

familiar with the art of peptide synthesis. 
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Alternative techniques for peptide synthesis 
are described in Bodanszky et al, Peptide Synthe sis, 2nd 
edition (John Wiley and Sons: 1976). For example, the 
peptides of the invention may also be synthesized using 
5 standard solution peptide synthesis methodologies, 

involving either stepwise or block coupling of amino 
acids or peptide fragments using chemical or enzymatic 
methods of amide bond formation. [See, e.g. H.D. Jakubke 
in Pp.ntides , ^alvsis. Synthesis, Biolog y, Academic 

10 Press (New York 1987), p. 103-165; J.U. Glass, ibid^v PP- 

167-184; and European Patent 0324659 A2, describing 
enzymatic peptide synthesis methods.) These solution 

synthesis methods are well known in the art. 

The peptides of this invention may also be 
15 produced by other techniques known to those of skill in 

the art, for example, genetic engineering techniques. 

See, e.g., Sambrook et al, in Molecu lar Cloning _a 
T,^r,tnrv Manuals 2nd edition. Cold Spring Harbor 
Laboratory, cold Spring Harbor, New York (1989). 

20 The acid- or base-addition salts of these 

pdptides are also disclosed by this invention for use as 
diagnostic and/or therapeutic agents. Acids which are 
able to form salts with these peptides include, but are 
not limited to, inorganic acids, such as hydrochloric 
acid, hydrobromic acid, perchloric acid, nitric acid, 
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thiocyanic acid, sulfuric acid, phosphoric acid, and the 
like . Organic acids may also he employed to form the 
salts of the invention, ..... “id, acetic acid 

propionic acid, glycolic acid, lactic acid, pyruvic 
oxalic acid, malonic acid, succinic acid, maleic acid, 
fumaric acid, citric acid, succinamic acid, anthranllic 
acid, cinnamic acid, naphthalene sulfonic acid, 

sulfanilic acid, and the like- 

A nonexclusive list of bases vhich are able o 

form salts with those peptides having acidic moieties 

includes inorganic bases, such as sodium hydroxide. 

ammonium hydroxide, potassium hydroxide, and the lihe. 
organic bases for such use include, without limitation 
thereto, mono-, di-, and tri-alhyl and aryl amines (e.g.. 

triethylamine, diisopropylamine, methylamine, 

• a on-HonallV substituted ethanolamines 

dimethylamine) and optionally 

(e.g., ethanolamine, diethanolamine). 

These peptides and compositions containing 
these peptides surprisingly demonstrate a variety of 
regulatory effects on the mammalian immune and/or central 
nervous system, for example, peptides of this invention 
off .r treatment therapies for autoimmune disorders and 
aging, as well as other conditions characterised by a 
disorder of the immune system. 
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Because of the immunomodulatory characteristics 

of the subject peptides, they are therapeutically useful 
in the treatment of humans, and possibly animals, since 
they are capable of effecting changes in the immune 
system of the mammal. 

The peptides of the invention may also be 

useful as anxiolytic therapeutic agents. For example, 

pretreatment of a patient eith a peptide of the invention 

B ay reduce the levels of corticotropin releasing factor 

n•,s oc stress reactions. Thus, such 
(CRF) , which mediates s 

peptides are useful as anti-depressive treatments, and 

similarly useful in treatment of other stress-induced 
disorders. 

Also, the peptides according to the present 
invention may be used to diminish the effects of aging on 
the immune system, hs the thymus shrinhs with age, the 

level of thymopoietin, which is a thymus-derived 

__j as a result stress-induced 

polypeptide, decreases, 

levels of CRF, adrenocorticotropic hormone (ACTH) an 
corticosteroids increase proportionally. Thus, 
administration of peptides of this invention which have 
biological activity similar to thymopoietin can help 
reduce the effects of aging related to inefficient or 
non-functioning immune systems. 
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_ _ ore of the above- 

compositions contain, «• = ^ 

—peptides or ^ 

thereof. D>e ^ peptweE „r their sold or 

compositions consi dered to be useful in sny 

Sal iroeU»l« immunity is an issue and 

area m .hi ^ deficiencies in immunity. 

treatment of conditions . subJ e=t, vhich 

. QTP an d/or nervous system 
immune system and/o 

comprises administering to said 3 ^ ^ of the 

therapeuticallyeffeotite amount^ ^ ^ 

poptides or pharmaceutical comp ^ ,, thsrap . utio ,lly- 
invention- As used herein, eff active to 

ea-For-red to above. 

treat the conditions r tica l compositions of 

To prepare the pharmaceutical c . 

• a peptide of this invention is 

the present invention, a p P admix ture 

<_ he active ingredient in intimate 

combined as according to conventional 

with a pharmaceutical _ This carrier may 

putical compounding techniques, 
pharmaceutical P ^ ^ th£ for m of 

taXe a wide varie y oral, 

. desired for administration, e.g 
preparation _ or parenteral. 

-i -rectal, nasal, or P 

„v,iinaual, receax. 
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I„ preparing the compositions in the preferred 
,=r» any of the usual pharmaceutical media 
“ al d ° Sa9e ioyed ' per era! liquid prepar.tiona (e.g., 

be r li~, and solutions,, media containing, 

suspensio , g alcohols, flavoring agents, 

-sand the lite.yh. used. 

Liars such as starches, sugars, diluents, ^anulating 
agents, luhricants, hinders, disintegrating agents, an 

used to prepare oral solids (e.g., 

•the like may be usea v 

powders, capsules, and tablets,.- —* 

forms may also he used, Because of there . 

. . , pts an d capsules represent the mo 

administration, tahl.ts P ^ ^ ^ 

advantageous oral dosage unit form, 

. , -av-riers are obviously employed. 

LT-ets may he sugar coated or enteric coated hy 

standard techniques. . ... 

F0 r parenteral products the oarrrer wall 
• .frariie water, although other 

usually comprise sterile wa ^ 

. . TO _ V be included, e.g., to aid solubil Y 

ingredients may be incj. 

for preservation purposes. Xngectahle suspensaons 
also be prepared, in which case appropriate la^aid 
carriers, suspending agents, and the late may e 

" d ‘ h pentapeptide of the present invention is 

T-o-nterally administered m 
11v active when parentera y 

IL above about ... -/* « ^ ” 

mg/kg body weight. 
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These peptides are more potent when 
administered oreily then when edninistered perentereily. 
It is theorized that this octets because the peptide i 

.. a _+. into the blooa stream over a longer 
absorbed from the gut mt 

• i.i v 6 to about 8 hours. During 
period of time, approximately 6 to ah 

tain absorption period about 30% of the peptide is 

affectively absorbed. It contrast, once in the bloc 

atream, drugs have short half life because they are 

cleared and then excreted by the Kidneys. Pnor^art 

• - hPen observed to have a net absorption of 

peptides have been observe 

approximately 15%. *dmiuietered parentera 

are. cleared from the body. »=h more guicbly than drugs 
administered orally- 

Th e peptides of the present invention are 
generally active when orally administered in amounts of 
between about 0.03 mg/Kg of body weight to about 10 mg/ 
of body weight, and preferably at about 1 mg/Kg 
Activity at this level mates these peptides particu 
mall adapted for pharmaceutical formulations in tablet 

sise for oral administration. 

The following examples are presented to 

illustrate the invention without specifically limiting 

. Tn t n e examples and throughout 

the invention thereto. In the ex 

■ ___ bv weight unless otherwise 

the specification, parts are by weig 

indicated. The examples employ the following 

1 * _ ■ 


mulwaww- 

abbreviations: TFA for trifluoroacetic acid; 


nnir f nr 
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acetic acid; eH,Cl, for methylene chloride; CH,CK for 
acetonitrile; DKP for dimethyl formamide; NH.0AO for 
ammonium acetate; K» 4 OH for ammonium hydroxide; n-PrOH for 
n-propanol; n-BuOH for n-hutanol; Pyr for.pyridine; DCC 

for dicyclohexylcarbodiimide; HOBt for i-hydroxy- 
benzotriazole; DMAP for dimethylaminopyridine; Hr for 
hydrogen fluoride; TCA for trichloroacetic acid; BHA for 
benthydrylamina resin,- p-MBHA for p-methylbenzhydrylamine 
resin and MeOH for methanol. Other standard 
abbreviations can be identified by reference to IBs 

Anal j—i- Biology. Vol. 1 and 2, ed. 

*. Gross and J. Keienhofer, Academic press (New fort 
1987) and "IDPAC-IUB Commission on Biochemical 
nomenclature", J, Bid- Ojegu, M2= 6489-6497 (1970) and 

t ...i Che.. . 254:3215-2216 (1975). The symbol ASX is 
used to indicate the presence of Asn, which is detected 
after analysis as Asp. 


20 


„ n f hrso.4-tri - a-rq-Pro-Asp-Pm -Phe-NHu 

TCvaninle 1 - Synthesis nf Aceryx i- 

fBTT) ID NO: 11 

The pentapeptide amide was synthesized using 
the symmetrical anhydride coupling technique, except for 
arginine which was coupled via the DCC-HOBt method using 
the standard coupling protocols (Std 1 cycle, version 
, 401 on the Applied Biosystems ABI 430A peptide 
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synthesizer. The synthesis was initiated with 0.45 nmol 
of p-methylbenzhydrylamine resin.HCl (0.710 g., 0.64 

mmol/g resin). The S- terminal Boc-group was removed by 
. the end-NH2 program (version 1.40). The resulting 
peptide was Acetylated using acetic anhydride (1.0 mL) in 
CH 2 C1 2 (9 mL) containing 4 -dimethylaminopyridine (15 mg) 
for 30 minutes. The resin was then washed with DMF(5X10 
mL) and CH 2 C1 2 (5X10 mL), and finally dried in a vacuum 
oven at 40°C (1.073 g)• 

' The peptide was cleaved from the resin support 
(1.07 g, 0.45 mmol) by stirring in liquid HF (10 mL), m- 
methylanisole (1 mL), and^dimethylsulfide (1 mL) for 1 
hour at 0°C. After removal of excess HF under reduced 
pressure, the resin-peptide mixtuire was extracted with 
ether (3X50 mL). The ether extracts were discarded. The 
released peptide was then extracted with 20% aqueous HOAc 
(3X33 mL). After removal of solvents under reduced 
pressure, the residue obtained was dissolved in H 2 0 (40 
mL) and lyophilized (0.248 g). This solid was dissolved 
in H 2 0 (10 mL) and passed through an Amberlite IRA-68 
acetate form ion exchange column (60 g, 1.6 meq/mL, 2.73 
cm i.d. X 18 cm length) in H 2 0 at a flow rate of 60 mL/h. 
The appropriate fractions were combined and lyophilized 

(0.240 g)- 


20 
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The crude peptide (0.240 g dissolved in 4 pL of 
buffer "A", see below) was purified by preparative RP- 
HPLC using a vydao 218TP1022 column (22X250 mm) . The 
mobile phases employed were as shown below. 

A=0.1% TFA/H 2 0 

B=0.1% TFA/CHjCN - H 2 0 4:1 v/v 
A linear gradient of 5% B to 23% B over 80 
minutes at a flow rate of 14 mL/min. was used. The 
relevant fractions were combined and the organic solvents 
removed under reduced pressure. The agueoub residue was 
lyophilized (206 mg)• 

Thin layer chromatography (TLC) was performed 

on Merck F-254 silica plates (5X10 cm) in the following 

solvent systems (v/v): 

Rf(l) = 0.17 (1-BuOH:HOAc:H 2 0, 4:1:1) 

Rf(2) = 0.47 ( 1 -Bu.OH:HOAc:EtOAc:H 2 0, 1:1:1:1) 

Rf(3) = 0.65 ( 1 -BuOH: HOAc :Pyr:H 2 0, 5:4:4:2) 

Amino Acid Analysis (AAA): 

The yields [found (expected)) were Arg 1.02(1), 

Pro 1.08(2), Asp 0.09(1), »e 1.02(1), MB, 1.04(1). 

Fait Atom Bombardment/Mass spectrometry (FAB-MS): (MH*) 
at m/z 672 a.m.u. (Mol. Wt. 671.76), where 
MH* represents a positively charged mass ion; 

is mass/cherge; and a.m.u. is atomic mass units. 
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132 ^pentapeptito amide was synthesazed aS 

• — _ le ! with the substition of Tyr in 

described in Example 1 , wi 

5th position in Place of Phe. . 85 . 

TIC, «d) ‘ <>•*>• “<« * „ 

1 06fl) Pro 1 - 99 ( 2 ), Asp 1.03(1), Tyr 
AAA.: Arg 1.06(1) , 

0.92(1), NH 3 1.19(1) 

rMH + 1 at m/z 688 a.m.u. (Mol. 

FAB-MS: [MH J au - ... 

687.76). 

• o-F - -^rT-Pro-A satProrBierNHy 

fSKO ID WO: 3 i . 

^pentapeptide amide i. aynthespzed 

1 with the substitution of Asn for 
described in Example 1, vim _ 

•tion 3 The characteristics of the pep 
Asp in position 3. me 

are as follows. p) = 0 . 72 . 

n 09 off 21 =0.56, 

TLC: Rf(l) = °- 22 ' 

■ 0 , m pro 1.97(2), ASX l.oi(l), Phe 

AAA: Arg 1*02(l), 

1.01(1), NHs 1-95(2)* • 

FAB-MS: [MS + ] at »/* 671 {K ° U ' 


670.78) - 
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nr-nn pl- . - gynth^is of Arefy 1 -Arq-Pro-Asn-Pro-Tyr-H H 7 

(SRO ID NO: 41 

The pentapeptide amide was synthesized as 
described in Example 1, with the substitution of Asn for 
5 . Asp in position 3 and Tyr for Phe in position 5, The 
- characteristics of the peptide are as follows. 

TLC: Rf(1) = 0.2, Rf(2) = 0.36, Rf(3) = 0.83. 
AAA: Arg 1.07(1), Pro 1.98(2), Asx 1.04(1), Tyr 

0.91(1), NH 3 1.92(2). 

L0 • -FAB-MS: [MH + ] at m/z 687 a.m.u. (Moi. Wt. 

686.77). 

«- sv» « —"t Acety]-,r q -Pro-M a -Pro-Fl.^ !ffl , 

fgR Q Tn NO: 51 

The pentapeptide amide was synthesized as 
15 described in Example 1, with the substitution of Ala for 

Asp in position 3. The characteristics of the peptide 
are as follows. 

TLC: Rf(1) = 0.18, Rf(2) = 0.49, Rf(3) = 0.69. 
AAA: Arg 0.98(1), Pro 1 . 97 ( 2 ), Ala 1.03(1), Phe 

20 1.02(1), NH 3 1.00(1). 

FAB-MS: [MH + ] at m/z 628 a.m.u. (Mol. Wt. 


627.75) . 
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. f T, .■- r tvl -av-g-Pro-Al 

myaaiple 6 ^Sma»lS-af^SSM- 

rF n m WO: 61 . 

The pentapeptide amide was synthesased 

Ida i with the substitution of Ala for 
described in Example 1, wrth 

. . , and tvt for Phe in positron 5. The 

Asp in position 3 and Tyr ro 

TLC: Bf(1) =0.16, Rf(2> 

i e»s(2l Ala 0.99(1), 

1.02(1) , ®, !.03CD • . 

' fib-MSj [MH*] at m/s *** <“° 1 - ' 

643-75) . 

_ , . , n Arrt tvi -mn-Pro-Phe^H; 

u-oel. 

rifT rn WO: 141 . , _ 

^ * Thepentapeptide amide was synthesased 

• „ -nie 1 with the substitution of Glu for 

described in Example 1. 

•tiou 3 The oharacteristios of the peptade 

Asp in positron 3. 

are as follows. = 0 . 74 . 

yLC: Kf (1) * 0.2S, “ 0 ' 58 ' ’ 

_ n o fti Glu 1.01(1), Phe 
Hi: Arg 0.97(1), Pro 2.03(2), G 

1.00(1), NH 3 1.02(1)- 

FAB-MS: [HE*] at m/z 686 a.m.u. (Mol. Wt. 


685.79) . 
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-»- P-rn-GlU-P r°- Tvr ~ Hl ^ 

■~~m. a -_a mai MJ" "t 

|- g -pr> m wo; 71 

The pentapeptide amide was synthesized as 

with the substitution of Glu for 
described in Example 1, with tne s 

Asp- in position 3 and Tyr for Phe in position 5. «- 

characteristics of the peptid. are as follows. 

TL C, Kf(l) - 0.18, *(»> - «•«. “ (3 > - °- 66 ' 
AAA, Arg 1.02(1), Pro 1.95(2), Glu 1.03(1). ^ 

1.01(1) , NH 3 0.99 (1) . ' 

i-MMB: I®*! atB/z 702 a -”‘- U ' ( " 01 ' 

701.79) - 

_I 1 TII rr rT-n-Spr- T> ' rr> ~ p he-NHg 

Winnie 9 -_ SmH an o o f Aratyl AtO -EE 
ra wo: 81 

The pantapeptid. snide was synthesized as 
described in Pxanple 1, with the substitution of Ser for 
Asp in position 3. The characteristics of the peptr a 

are as follows. 

TLC; M(l) - 0.28, Bf(2) - 0.62, Rf(3) = 0. 

AAA, Ar, 1.01(1), Pro 2.00(2), Ser 0.62(1), Phe 

0.99(1), NHj 1 -16(D- 

FAB-MS*. [MH + ] at m/z 644 a.m.u. (Mol. Wt. 


^ M *7C\ 
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gyample 10 ~ Sj 

XS " !2 ^p.ntapeptide abide vas synthesised as 

described in Bxanpie i. vith tbe snbsbitution o £ **~r 
. tton 3 me characteristics e£ the peptrd 

Asp in position 3. 

are as follows. _ f(3) = 0 .72. 

TLC: R£(D - »- 13 - M(2) ' * ' 

. 00(1) pro 2.00(2), Thr 0.82(1), Phe 
AAA: Arg 1.00(1), 

1.15(1), SB, 1-19 (D * ,md 1 Wt. 

FAB-MS: [MH + ] at m/z 558 a.n-n. (Mol. W 

657.78). 

_ t, , -i rg-PrQ-Thrj ^ p-Tyr-^ 

jasjaasJU^iJMaBS^^ 17 " 

rsP.O ID WO: 101 . . _ 

l^pentapeptide amide was synthesised as 

- wit h the substitution of Thr for 
described in Example l, «. . . The 

• , anfl Tvr for Phe in position 5. The 

Asp in position 3 and Tyr tor 

- the ueotide are as follows. 

characteristics =£ the pepti _ 

tlc: Efd) - o-l 3 ' Rt(2) ‘ ° ' 

•n o nof2l Thr 0.87(1), Pt e 
AAA: Arg 1.00(1), Pro 2.00(2), Thr 

1.00(1), NHj 0.93(1). 

fab-ms: [MH + ] at m/z 674 a.m.u. 


673.78) . 
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, . • ^ i ^ rq -pvn-Ser-Prn -TYr-lgi2 

SaasBj ^ a2 _-_s Y n tn^is o f te 2&± - 

rrf» Tr> NQ: 1X1 ' 

TO e pentapeptide amide was synthesize 

described in Example 1. with the substitution of ~J~ 

Asp- in position 3 and Tyr for Phe in position . 

characteristics of the peptide are as follows 

TLC: Bf(l) * ••>». “« 2 > * °' 65 ' M(3> " 

AAA: Arg 1.03(1), »o 1.95(2), Ser 0.65(1). ^ 

1.01(1), MB, 1.20(1). 

.-FAB-MS: (MH*) at m/z 660 a.m.u. (Mol. • • 

659.75). 

HB. [SFaO i n wo: 121 

The pentapeptide amide was synthesized as 
described in Example 1, with the substitution of 
parachloro-Phe for Phe in position 5. The 
characteristics of the peptide are as follows. 

TBC: Bf(l, - 0.19. «(« -. »-«- - °- 66 ' 

AAA: Arg 1.00(1), Pro 1.99(2). Asp 0.97(1), P' 

CIPhe 1.04(1)r NHj 1.02(1)- 

FAB-MS: (fflt) at m/z 706 a.m.u. (Mol. 
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] -Ikr-a-Pro -^ g;n ~ Prn ~ :Phe ~-— 7 


ml. tJaa 

ISEQ_ID^Ol_151 . 

TUe pentapeptide amide was synthesized 

tp i with the substitution of Asn for 
described in Example 1, wren 

•tion 3 The H-terminal Bo=-group was remove 

** in posit • ^ H . terBinll butyryl-group was 

by the end-NH 2 program. Th 

introduced by coupling with n-butyrre acid g 

diisopropyl carbodiinide and KOBt. the charaoteris 

of the peptide .are as tollows^ ^ ^ 

TLC: Rf(D = °* 32 ' Rf(2) 

i qq(2^ ASX 1*02(1) § 

ASi: wg 1.01(1). »» 1 - 98(21 ' * 

1.00(1), KB, 1.98(2). - ’ _. 

jab-HS: [BE-] at »/z 899 a.n.u. (Bol. • 

698-83). 

f *TF? Tn NQ: 13 - 1 

The pentapeptide aside was synthesized 
substantially as described in Branple 1, with the 
following modifications, the solid-phase peptide 

stasis was initiated with 8 —. ot henzhydrylanino 

Zn and alter the serial introduction * the anino 

Roc-oroup was removed. The 
acids, the N- terminal Boc gr P 

■a._ tdith decanoic acid 


__«**1 4-*? Tin nentide 


__ — 4 m T.ra es 


20 
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DMF containing hydroxy benzotriazole and 

. ,. . mho resin was then washed and 

diisopropylcarbodnmde. The resin w 

dried (11.17 g)• 

The peptide was cleaved from the resin support 
using liguid HP as described in Erauple 1. The crude 
peptide (1.8 g), after ion-erchange, was purified by 
preparative RP-HPLC using the same mobile phases 
described in trample 1. The gradient used was 25* B to 
50% B over 100 minutes at a flow rate of 11 mL/min. The 
yield of the pure product was 1.19 g- Tbe 
characteristics of this peptide are as follows: 

TLC: Rf(1) - 0.30, Rf(2) = 0.64, Rf<3) - 0.82. 
am: Arg 0.99(1), Pro 2.00(2), Asp 0.99(1), 

Phe 1.01(1), NH 3 1.07(1). 

fab-ms: [MH + ] at m/z 785 a.m.u. (Mol. Wt. 

784.72) . 

16 - F- y.Hnn-nh.ee SvHW" of Acety)-Arq-Pra r 

i cp-Pro —Ph e-NH-> fS EQ ID N0: 3 J- 

This peptide was also made by solution 

synthesis as described below. 

Rnn-Pro- Phe-NH,: 

To a solution of Boc-Pro-OH (4.304 q, 20 

mmoles) in ethyl acetate (200 mL) at -15”C, *- 
methylmorpholine (2.2 ml, 20 mmoles) and isobutyl 
chloroformate (2.6 «L, 20 mmoles) were added. After an 
activation time of 10 minutes at -15-c, a solution of 
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Hcl.Phe-BH, (4.014 g, 20 nnoles, and N -»ethylnorpholine 

(2 2 rd,, 20 moles, in dinethylfomanide (20 nL> was 

Id. ms season nixture was stirred at -10-= - 20 

.inutes and allowed to warn to roon tenperature. After 

stirring for 2 tours at roon tenperature, the reaotron 

mixture was deepened with 10* potassisn carbonate 

solution ,30 nl.) ■ The two clear layers were transferee 

to a separatory funnel, and the organic layer was 

successively with 10* potassisn earhonate solution ,2« 

mh>, saturated sodiun chloride solution (1X30 nh, , l* 

(2X30 nL) and saturated sodiun chloride solution (2X30 

After drying over anhydrous sodiun sulfate, the 

organic solution was filtered and concentrated on a 

rotary evaporator under house vachun. The product was 

precipitated with hexane, filtered and dried. 

Yield (Theoretical): 7.229 g. 

v „• -ir*. r -795 a. (94% of Theory) 

Experimental Yield. • 9 

B Pr-n— Phe-NHg: 

TO a solution of Boc-Pro-Phs-KH, prepared 

as described in A above ,.•»«». “ ^ 

acetate (50 and glacial acetic acid (25 nL), 5N HC 

ethyl acetate (20 nL, and anisole (2 nL, were added, 
solution was stirred for 1 hour and concentrated on a 

rotary evaporator. The hydrochloride salt of the 

dipeptide was precipitated by the addition of ether <20 
The solid was filtered and dried in vacuun over 

pellets. 
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c . y -*g r /QBzl^T»ro-^q=aB» ; 

The mixed anhydride prepared by reacting 

Boc-Asp (OBzl) ,8.83 B. - —>• "" ll " e ^ 

(1 98 ml, 18 mmoles) end Isobutyl chlcroformato (1.34 , 

u mmoles, in ethyl acetate ,100 ml, at -U-C. »as 

treated vith the solution o £ HCi.Pro-Pha-HH, (prepared as 

described in B above, and „-methylmorpholine ,1.88 

mmoles) in dimethylformamide ,40 ml) - The reaction uas 

allowed to proceed for 30 minutes at -15-C and 2 ours 

room temperature. The product vas worhed up as describe 

earlier and reprecipitated t ro. ethyl acetate-hexane. 

Yield (Theoretical): 10.20 g. 

, ... 0 7 r „ f95.7% of Theory). 

Experimental Yield. • 9 

D . rnr T™ -^inmzlWPra=SilB=HH,: 

Boc-Asp(OBzl)-Pro-Phe-NH 2 prepared as 

w „ n 6 7 q 16 mmoles) was deprotected 

described in C above (9.067 g, 

, 4 -cd-ra as described above in part B and 
using HCl-ethyl acetate . . 

1+ . of the tripeptide was precipitated 
the hydrochloride salt of the trip P 

with ether, filtered and dried. ^ 

The mixed anhydride prepared from Boc-Pr 

(3 - 44 g, 16 mmoles), N-methyl morpholine (1-76 mL, 16 

mmoles) and isobutylchloroformate (2.08 *L. « "" 1 ~ ) “ 

ethyl acetate (160 mL) was treated with the solution o 
hci.A sp,OBZ1)-Pro-Phe-NHi and B-mathyl morpholine^ ,1.78 
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is moles) in disethyltorsaside (30 mL) . The 
reaction conditions and the product work up were 
described earlier. The prcduct was crystallised Iron 

ethyl acetate-hexane. 

Yield (Theoretical): 10.62 g. 

Experimental Yield: 10.09 g (95% of Theory). 

E . <7—a-rcr-Pro— Asp fO Bxl) -Pro-gfafi=HBz= 

Boc-Pro-Asp(OBzl)-Pro-Phe-NH 2 prepared as 
described in D above (9.96 g, 15 s»oles) was deprotected 
10 using HCl-ethyl acetate and the hydrochloride salt o£ the 

tetrapeptide was precipitated with ether, filtered and 

dried. - 

To a stirred solution of 2 -Arg.HCl (5.17 

g 15 moles) in disethylforsaside ,25 si) at 25-C was 

15 added a solution of HCl.Pro-hsp(OBll) -Pro-Phe-hH, and »- 

sethylsorpholine (1.65 in 

dis.ethylforsa.ide (25 si) . To the resulting solution, 
diethyl cyanophosphonate (2.45 g, 15 ssoles) and B- 
sethylsorphcline (1.65 si, 15 ssoles) were added and the 
20 sirture stirred for 4 hours. The reaction was quenched 

by'the addition of 10* aqueous acetic acid (10 si) and 
the solvents were rasoved on a rotary evaporator under 
reduced pressure. The resulting solid was triturated 
with 10% potassius carbonate and then with water and 

25 filtered. 

Yield (Theoretical): 12.81 g. 

Experisental Yield. 10.25 g (80% of Theory) . 
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15 
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F. 


-Ar q -^ro-Asp-Pro-Phe-m f IP HQ J. 


n* 


To a solution of the Z-Arg-Pro-Asp(OBzl)- 
Pro-Phe-NHj prepared as described in E above (11.10 g. 13 
mmoles) in acetic acid (50 bL), 20% Pd hydroxide on 
carbon (1.0 g) was added and subjected to hydrogenation 
at 45 psi of hydrogen gas. The reaction was monitored by 
TLC, and after i hour the catalyst was filtered off and 
the solvents were removed under reduced pressure, 

resulting in Arg-Pro-Asp-Pro-Phe-m,. - The residue was 
dissolved in water (50 ml) and freese-dried. 

Arg-Pro-Asp-Pro-Phe-NH 2 was dissolved in 

acetic acid (20 mb) and 'treated with acetic anhydride 
(6.12 g, 60 mmoles) with constant stirring. After 1 
hour, the reaction was guenched by the addition of water 
(20 mL) and the solvents removed under reduced pressure. 
The residue was dissolved in water (50 mL) and freese- 

dried. 

The crude peptide thus obtained was 

purified by preparative BP-HPLC following the procedure 

described under Example 1. The product was lyophilised 

to constant weight. (Peptide content: 90%) . 

yield (Theoretical): 8.73 g. Experimental 

yield: 7.56 g (77.9% of Theory). The compound was 

indistinguishable from the product obtained in Example 1. 
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r-T T 17 - stahtl ia 

To illustrate the stability ot a peptlSe 
present invention the following assay was pextoreed. 

Thymopentin and the peptide 

. j TDT-tii 4 were dissolved 
e„,-»h.-SH,. identified as IEI-514, "® 

Fr " —-^ „ _ r, & rat duodenum 

separately in phosphate buffer (P • • 

w as opened and attached to a 3.5 tf. diffusion ce 

CCrownglass. «H with buffer in both chambers - 

selected test peptide in phosphate buffer (pH 5.5, 

• - * ■* a._ a final concentration of 1 

applied to both the cells to a fine 

aliquots were sheeted tg hiqh performance liqul 

hv fHPLC) with Ultraviolet detection 
chromatography (HPLC) wiu . 

. for thvmopentin was phosphate 
nm. The solvent system for tnym p 

buffer and methanol, for acetonitrile and 

phosphate buffer were used as the solvent system 

The bar qraph of Fig. 1 illustrates that at 

Hn fip-5) and IRI-514 were 100% intact. 

hours, thymopentin (TP intact 

. iri _ 5 i4 was still approximately 10 

After 2 hours IRI oi 

, , 0% of ijp-5 remained intact. Finally, at 4 

while only 20% of TP 

. as intact IRI-514 is approximately 90%, 
hours, the amount of intact IR 

w hile the amount of intact fP-d was negligible. 

the inventors postulate that the decrease in 
purthermcre. the inven ^ „ absorpti en to 

intact IRI-514 after 4 our detect ed 

duodenum tissue since no degradation peats 

bv HPLC. 
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■Rxample 18 

- Neuromuscular Assav 



This assay measures the ability of a peptide to 
affect cholinergic transmission at the neuromuscular 
junction. Thymopoietin and thymopentin are known to 
5 cause this effect on neuromuscular transmission. 

Various doses of the test peptide are dissolved 
in phosphate buffered saline and injected subcutaneously 
or administered orally into female mice, weighing 25-30 
grams (CD1 strain). The electromyographic assay is 
LO performed.according to G. Goldstein et al, J.'Neurp _lv 

u^n.nru. Psvchiat^ , 21:453-459 (1968), 24 or 48 hours 
after administration of the peptide. The mice are 
anaesthetized with 0-5 mL of a 10% urethane solution. 

The nerve is stimulated with a Grass S-48 stimulator and 
15 a Grass SIU-5A stimulus isolation unit (Grass medical 

instruments, Quincy, MA) and the electromyographic 
response is recorded with a Tektronix storage 
oscilloscope-5111 coupled to a 5A2IN differential 
amplifier and a 5B10N time base (Tektronix, Beaverton, 

20 OR). 

With supramaximal nerve stimulation, at 30 
impulses per second, the height of the tenth muscle 
action potential was expressed as a percentage of the 
first. P-values for testing statistical differences 
between the controls and the testing compounds were 


25 
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calculated by Dunnett 1 s two-tailed t-test. Figure 2 
shows a dose-response effect of oral IRI-514 on 
neuromuscular transmission, with a threshold dose of 0.05 

mg/kg. 

^nla 19 - regulatio n of Anti-CD3 Stimulated_T 
Suppressor Cells 

Female NZB x NZW FI mice were purchased from- 
Jackson Laboratories (Bar Harbour, ME) and housed in 
shoebox cages in contact bedding, six animals per cage. 
Food and water were supplied ad libitum. Animals were 
humanely sacrificed with C0 2 at the conclusion of the 
treatment period. 

Mice were treated with test peptides prior to 
sacrifice on one of two treatment protocols. In protocol 
A, mice received peptides dissolved in bacteriostatic 
water for injection, 1 mg/kg subcutaneously once per week 
for four weeks starting at four weeks of age. In 
protocol B, seven week old mice were given four 
injections of 1 mg/kg subcutaneously on four consecutive 
days. All animals were sacrificed for assay of T 
suppressor cell activity on the day following the last 

injection. 


20 
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Spleens were aseptically removed, single cell 
suspensions prepared from each individual animal by 
passage through 60 mesh screen, and suspended in tissue 
culture medium consisting of RPMI 1640 with 25 mM Hepes 
5 buffer, 10% fetal bovine serum, 2% sodium pyruvate, 1% 
NEN non-essential amino acids, 1% L-glutamine (all from 
Gibco, Grand Island, NY), 1% /3-mercaptoethanol (Sigma, 

St. Louis, MO), and 0.05% gentamicin (Flow, McLean, VA). 

Suppressor cells for mitogen stimulated T cell 
10 proliferative responses were generated on 35 mm tissue 
culture wells (Corning, Corning, NY), coated with anti- 
CD3 (Clone 145-2C11, Boehringer Mannheim, Indianapolis, 
IN), diluted in borate buffered saline pH 8.5 at a 
concentration of 0.5 /ig/ml. These plates were incubated 
15 at room temperature for 4 hours and washed three times 

with Hanks balanced salt solution before addition of 
cells. Two ml of splenocytes from individual animals at 
5 x 10 6 cells/ml were added, and the cultures incubated 
for 48 hours in 5% C0 2 at 37°C. The stimulated cultures 
20 were harvested and the cells adjusted to 1.25 x 10® 

cells/ml for addition to the suppression assay culture at 
25% of the responding cell number. Suppression of T cell 
proliferation was measured in 48 hour mitogen stimulated 
cultures (0.25 jig/ml anti-CD3, Boehringer Mannheim) 
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containing 5 x 10 5 fresh syngeneic splenocytes and 1.25 x 
10 s test cells in triplicate cultures in 96 well plates. 
The wells were pulsed during the last seven hours with 1 
fiCi [ 3 H] thymidine (NEN Research Products, Chadds Ford, 

PA), harvested on filtermats (Pharmacia, Turku, Finland) 
and counted on an LKB 1205 Betaplate liquid scintillation 
counter. 

Figure 3 summarizes four experiments which show 
that cells derived from IRI-514 (Acetyl-Arg-Pro-Asp-Pro- 
Phe-NH 2 ) dosed animals, either daily for 4 days (Protocol 
B) or once per week for 4 weeks (Protocol A), were more 
effective at generating suppressor cells in this assay 
than cells from vehicle (placebo) treated animals. Each 
symbol represents a different group of animals. Open 
symbols are controls. Black symbols are IRI-514-treated 
animals. 

Example — Effects of IRI-514 on the Behavior^ 

Response after Social Stress-Induced Anxiety in Rats 

Exposure to social stress in mammals results in 
the activation of the hypothalamic-pituitary-adrenal 
(HPA) axis, and in changes in emotionality and increased 
anxiety. This can be studied in rats by testing the 
behavior of stressed animals in an elevated plus maze. 

The maze consists of two arms with 40 cm high walls (the 
closed arms), and two arms with no walls (the open arms). 


25 



WO 92/21366 


PCT/US92/04484 


37 

Whereas normal, unstressed animals will spend comparable 
time exploring each of the arms of the maze, animals that 
exhibit increased anxiety and changes in emotionality 
spend significantly less time exploring the open arms of 
5- the., maze. 

In the resident-intruder paradigm of social 
stress, an intruder male rat is placed in the home cage 
of an aggressive, resident male. This results in an - 
interaction which generally establishes the dominance of 
10 the resident rat. The defeated animals demonstrate - 

elevated levels of HPA axis-derived hormones, as well as 
increased anxiety as determined in the plus-maze test. 

In these studies, 15-17 intruder rats were 
treated with IRI-514 at 1 mg/kg,,or with vehicle (normal 
15 saline) subcutaneously, 48 hours prior to being placed in 
the cage of a resident male rat. The intruder rats were 
exposed to the resulting interaction for 30 minutes. 
Physical harm was avoided by protecting the intruder in a 
plexiglass cage, thus providing a model for relatively 
20 pure psychological stress. Individual IRI-514- and 

vehicle-treated animals were then placed oh the center of 
the elevated plus maze, and allowed to explore all four 
arms of the maze for 5 minutes. IRI-514- and vehicle- 
treated animals that were not exposed to a resident rat 
25 were also tested as controls. Computer automated 

measures of the duration of the exploration of each arm 
of the maze by each animal were recorded. 
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As shown in Figure 4, vehicle-treated, and IRI- 
514-treated, control (unstressed) animals spent, 
respectively, 47.9±7.3% and 41.3±8.3 (mean±sem) of the 
time exploring the open arms of the maze. Vehicle- 
treated rats that had been exposed to social stress, in 
contrast, spent significantly less time in the open arms 
of the maze (26.4±5.5%; mean+sem; p=0.038). More 
importantly, the rats that received IRI-514 prior to 
being exposed to the social stress spent comparable time 
j_n the open arms of the maze as did the control, 
unstressed rats (43.8±7.9; mean+sem). The overall 
activity of the rats was similar in all groups. 

These results strongly suggest that IRI-514 has 
the capacity to prevent or normalize the changes in the 
behavioral responses that are associated with increased 
anxiety and altered emotionality upon exposure to 
psychological (social) stress. 

BvaTnnIe 21 - effects of IRI-5 14 on the Hormones of Jbfre 
wpr Axis after Social Stress-Ind uced Anxiety in Rqts 

Exposure to social stress in mammals results in 
the activation of the HPA axis and in elevated levels of 
circulating corticotropin (ACTH) and corticosteroids 


(COR). 
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In the resident-intruder paradigm of social 
stress, an intruder male rat is placed in the home cage 
of an agressive, resident male. This results in an 
interaction which generally establishes the dominance of 
5 the. resident rat. The defeated animals consistently 

demonstrate elevated levels of HPA axis-derived hormones, 
and increased anxiety. 

In these studies, 13-16 intruder rats were - 
fitted with chronically indwelling jugular catheters in 
10 order to facilitate the collection of-blood samples,- and 
allowed to recover. The animals were then injected 
subcutaneously with either IRI-514 at 1 mg/kg, or with an 
equal Volume of vehicle (normal saline; control rats), 24 
hours prior to being placed in the cage of a resident 
15 male rat. A sample of blood was collected immediately 

prior to exposure to the stressor, in order to determine 
basal levels of plasma ACTH and COR. The intruder rats 
were then exposed to the resident male and to the 
resulting agonistic interaction for 30 minutes. Physical 
20 harm was avoided by protecting the intruder in a 

plexiglass cage, thus providing a model for relatively 
pure psychological stress. Blood samples were collected 
at 10 minutes and at 20 minutes into the encounter, and 
the levels of ACTH and COR were determined. 
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Table 1 summarizes the results of these 
experiments. Shown are the geometric means and 
confidence intervals (C.I.) of the levels of ACTH and COR 
for the control or iRI-514-treated rats measured prior 
to, and 10 and 20 minutes after exposure to the stress. 
Basal levels of ACTH were similar for control and IRI- 
514 -treated animals (P = 0.2817). In the control rats, 
the peripheral levels of ACTH rose from 3.4 pg/mL to 56.8 
pg/mL, at 10 minutes after stress, and remained elevated 
after 20 minutes of the exposure to the social paradigm. 
More importantly, after 10 minutes of stress exposure, 
significantly lower levels (P = 0.0370) of ACTH were 
found in the iRI-514-treated rats (28.2 pg/mL) as 
compared to the controls. ACTH levels were also lower in 
the iRl- 514 -treated animals (25.2 pg/mL) than in the 
control rats (52.5 pg/mL) when measured 20 minutes after 
exposure to the stressor. This latter difference, 
however, did not reach statistical significance (P = 
0.0788). No differences were observed between control 
and IRI-514—treated rats in the levels of COR prior to or 
after exposure to the stressor. 


20 
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Table 1 


10 


Hormone 

ACTH 


Cortico¬ 

sterone 


vehicle /Placebo) 


Time 

N 

Geometric 

Mean 

Lower 

C.I. 

Upper 

C.I. 

p-Value 

Baseline 

14 

3.4 

1.6 

5.2 

0.2817 

10 

14 

56.8 

40.5 

73.1 

0.0370 

20 

14 

52.5 

35.2 

69.8 

0.0788 

Baseline 

13 

35.5 

27.9 

43.1 

0.1906 

10 

13 

245.7 

210.7 

280.7 

0.7 022 

20 

13 

229.2 

175.7 

282.7 

0.9687 


TRI-514 (Imp/kg) 


15 


Time 
~ (Min .) 

N 

Geometric 

Mean 

Lower 

c:i. 

Upper 

C.I. 

n-Value 

Hormone 







ACTH 

Baseline 

10 

20 

16 

16 

16 

1.5 

28.2 

25.2 

0.7 

23.1 

17.7 

2.3 

33.3 

32.7 

0.2817 

0.0370 

0.0788 

20 

Cortico¬ 

sterone 

Baseline 

10 

20 

15 

15 

13 

46.5 

230.9' 

221.5 

36.5 

210.9 

189.5 

56.5 

250.9 

253.5 

0.1906 

0.7022 

0.9687 


The p-Value is a randomized block design (two- 
tailed) based on LOG transformed data. 

Lower c.I. = geometric mean - STE 
Upper c.I. = geometric mean + STE. 


25 
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These results strongly suggest that IRI-514 has 
the capacity to suppress or modulate the elevation of 
HP£—axis derived hormones that are associated with 
increased anxiety and altered emotionality upon exposure 
5 " to psychological (social) stress. 

Tlvamn 1 & 22 - In Vivo Stabil ity of IRI-514 

This study was performed to investigate the 
disposition and pharmacokinetics of total radioactivity 
following a single intravenous (IV) administration of 14 C- 
10 IRI—514 to rats. Peptide IRI-514 was synthesized as 

described in Example 1 above, incorporating u C-Arg to 
enable tracking of the compound by detection of 
radioactive emissions following administration to 
animals. Plasma and urinary radioactivity were analyzed 
3_5 to determine the disposition characteristics of C—IRI- 

514 — related material at two dose levels, 0.1 and 10 mg 
IRI-514/kg. 

Male rats (three for the 0.1 mg/kg and two for 
the 10 mg/kg dose level) were catheterized via their 
20 jugular vein, carotid artery, and the urinary bladder. 

Animals were maintained with a 5% dextrose infusion via a 
jugular vein catheter and the urinary bladder was 
continuously irrigated with sterile water to stimulate 
frequent voiding. The dilute urine was collected using a 
penile catheter and fraction collector. Each animal 
received 10 /iCi U C-IRI-514 with unlabeled IRI-514 at a 


25 
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total dose level of either 0.1 or 10 mg/kg through the 
jugular vein catheter. Blood samples were collected from 
the carotid artery catheter pre-dose and at 1, 5, 10, 20, 
40, 80 minutes and 2, 4, 6, and 24 hours post dose. The 
5 dilute urine was collected for the time intervals 0—5, 5— 

10, 10-20, 20-40, 40-80, 80-120 minutes and every 15 
minutes thereafter until 24 hours after dosing. Plasma 
and urine samples that exhibited sufficient radioactivity 
were assayed by high pressure liquid chromatography 
10 (HPLC) for parent l4 C-IRI-514 content to estimate the 
extent of metabolism. 

Results after both dose levels indicated a t% 
(elimination half-life) ranging between 25.3 to 28 
minutes determined by plasma total radioactivity data 
15 observed in the samples taken between 10 minutes and 2 
hours after dose administration. The area under the 
plasma concentration versus time curve (AUC) 0-24 hours 
was proportional to the dose administered. The AUC 
following the low dose was 0.162 and 0.164 /ig—equivalents 
20 x hour/mL and the AUC after the high dose was 20.11 and 
22*.23 /ig-equivalents x hour/mL. HPLC analysis of plasma 
samples obtained 0-40 minutes after each dose 
administration indicated limited metabolism at both dose 
levels. Approximately 87.9 to 96.4% of the total 
25 radioactivity in the 1 to 2 minute sample was parent 

peptide; 44-61.9% of the total radioactivity in the 40- 
minute sample was parent peptide. 
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Analysis of the urine data from both dose 
levels indicated that between 38.8 and 67.1% was 
eliminated within 40 minutes; between 73.9 and 82.9% was 
eliminated within 2 hours; and between 86.2 and 94% o£ 
parent and metabolites were eliminated in 24 hours of 
dosing. Between 62.5 and 68.3% o£ the total 
radioactivity eliminated in the first 5 minutes was shown 
to be parent peptide by HPLC analysis. In the 40-80 
minute post-dose collection sample 5 . 4 - 18 . 6 % of the total 
radioactivity eliminated was identified as parent 
peptide. 

It was concluded that levels of total 
radioactivity, 331-514 and its metabolites, declined 
rapidly in plasma following IV administration of “C-IH- 
514 due to renal clearance. The disposition and the 
pharmacokinetics of IRI-514 following IV administration 
appear to be independent of the dose (either 0.1 or 10 
mg/kg) as determined by plasma th, ABC and urinary 
excretion data comparison. Finally, there is limi 
metabolism of the peptide while in circulation. 

K stability conferred by Pro in position 4 

of Peptide 

Acetyl-Arg-Pro-Asp-Val-Phe-NH 2 and Acetyl-Arg- 

Pro-Asp-Pro-Phe-NBj [IRI-514] were synthesized by the 
methods described above, incorporating “C-Arg to enable 
.rmHcina of the compound by detection of radioactive 
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emissions following administration to animals. Following 
intravenous administration to rats, according to the 
techigues described above in part A, more than 90% of 
administered radioactivity was detected in urine over six 
5 (6) hours for both compounds. 

The urine was then studied by HPLC in a system 
that was shown to separate intact parent compound from 
its breakdown products. For Acetyl-Arg-Pro-Asp-Val-Phe- 
NH 2 approximately 25% of the urinary radioactivity was 
10 associated with parent compound whereas the Acetyl-Arg- 
Pro-Asp-Pro-Phe-NHj 64% of radioactivity was found to be 
associated with parent compound. Thus the Pro 
substitution for Val at position 4 conferred enhanced 
stability of the compound during-passage in the body and 
15 urinary elimination after intravenous administration. 

Numerous modifications and variations of the 
present invention are included in the above-identified 
specification and are expected to be obvious to one of 
skill in the art. For example, peptides other than those 
20 exemplified which fall within the above formula may be 
produced by a variety of methods. The peptides may be 
tested in the above assays without undue experimentation 
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by one of skill in the art, given this disolosure. Such 
.edifications and alterations to the competitions and 
processes of the present invention are believed to be 
encompassed in the scope of the claims appended hereto. 
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SEQUENCE LISTING 


(1) GENERAL INFORMATION: 

(i) APPLICANT: Immunobiology Research Institute, 

' * Tr»n 


_ (ii) title of INVENTION: Peptides Useful in 

Regulating The Immune and Nervous Systems 

(iii) NUMBER OF SEQUENCES: 15 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Howson and Howson 

(B) STREET: 321 Norristown Road, Box 457 

(C) CITY: Spring House 

(D) _STATE: PA 

- -(E) COUNTRY: U.S.A. 

(F) ZIP: 19477 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version 

. #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 07/708,085 

(B) FILING DATE: 3-JUN-1991 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Bak, Mary E. 

(B) REGISTRATION NUMBER: 31,215 

(C) REFERENCE/DOCKET NUMBER: IRIP-PC40A 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (215) 540-9206 

(B) TELEFAX: (215) 540-5818 

(C) TELEX: 910-250-6892 


(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 
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(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 


fix) FEATURE: 

(A) NAME/KEY: Modified-site 

fB) LOCATION: 1 . . . 

fD OTHER INFORMATION: /label= Acetyl 

' ' /note= "Acetyl located on ammo-terminal 

• »_ _ £ m i* ^ J A A M 


(ix) 


FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 5 

fDV OTHER INFORMATION: /label= NH 2 

/note= "NH 2 located on carboxy 
- of peptide." . 


terminus 


(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 


Arg Pro Asp Pro Phe 
1 ° 


(2) INFORMATION FOR SEQ ID NO:2: 

fi) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 


(ix) FEATURE: . . „ .. 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 1 

OTHER INFORMATION: /label- Acetyl 

/note= "Acetyl is attached to the ammo 
of the Deptide." . 


(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 5 m 

m OTHER INFORMATION: /label= NH 2 

^ /note= "NH 2 is attached to the carboxy 

terminus of the peptide." 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

Arg Pro Asp Pro Tyr 

l 5 
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(2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

fix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /label= Acetyl 

/note= "Acetyl is attached to amino 
terminus of peptide." 


fix) FEATURE: 

(A) NAME/KEY: Modified-site 
- (B) LOCATION: 5 

(D) OTHER INFORMATION: /label= NH 2 

/note= "NH 2 is attached to carboxy 
terminus of peptide." 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

Arg Pro Asn Pro Phe 
1 5 


(2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

- (B) LOCATION: 1 

(D) OTHER INFORMATION: /label= Acetyl 

/note= "Acetyl is attached to amino 
terminus of peptide." 

(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 5 

(D) OTHER INFORMATION: /label= NH 2 

/note= "NHj is attached to carboxy 
terminus of peptide." 



PCT/US92/04484 


WO 92/21366 


50 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4 

Arg Pro Asn Pro Tyr 
1 5 


(2) INFORMATION FOR SEQ ID NO:5. 

’ (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 


fix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 1 - " 

" f D OTHER INFORMATION: /label= Acetyl 

1 /note= "Acetyl is attached to ammo 

* - ^_i. £ A II 


fix) FEATURE: _ ^ .. 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 5 

fD) OTHER INFORMATION: /label= NH 2 
1 J /note= "NH 2 is attached to carboxy 


(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 


Arg Pro Ala Pro Phe 
1 5 


(2) INFORMATION FOR SEQ ID NO:6: 

(i) SEQUENCE CHARACTERISTICS: 
...... (A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 


fix) FEATURE: , . . .. 

(A) NAME/KEY: Modified-site 

fB) LOCATION: 1 . , . . . 

fD) OTHER INFORMATION: /label= Acetyl 
' ' /note= "Acetyl is attached to ammo 

• - r-_i. II 
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(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 5 

(D) OTHER INFORMATION: /label= NH 2 

/note= "NH 2 is attached to carboxy 
terminus of peptide." 


(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 

Arg Pro Ala Pro Tyr 
1 5 


(2) INFORMATION FOR SEQ ID NO:7: 

(i) SEQUENCE CHARACTERISTICS: 

(A)- LENGTH: 5 amino acids 
" (B) TYPE: amino acid 
'(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 1 

(D) OTHER INFORMATION:\/labe1= Acetyl 

/note* "Acetyl is attached to amino 
terminus of peptide." 

(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 5 

(D) OTHER INFORMATION: /label= NH 2 

/note= "NH 2 is attached to carboxy 
terminus of peptide." 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

Arg Pro Glu Pro Tyr 
1 5 


(2) INFORMATION FOR SEQ ID NO:8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(ix) feature: 

(A) NAME/KEY: Modified-srte 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /label= Acetyl 

/note= "Acetyl is attached to ammo 
terminus of peptide." 


(ix) FEATURE: , . . 

(A) NAME/KEY: Modifled-site 

(B) LOCATION: 5 

(D) OTHER INFORMATION: /label= NH 2 

/note= "NH Z is attached to the carboxy 
terminus of the peptide." 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 

Arg Pro Ser Pro Phe 

1 , '■ 5 ........ - - 


INFORMATION FOR SEQ ID NO:9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /label= Acetyl 

/note= "Acetyl is attached to ammo 
terminus of peptide." 


(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 5 

(D) OTHER INFORMATION: /label= NH Z 

/note= "NH 2 is attached to amino 
terminus of peptide. 11 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: 

Arg Pro Thr Pro Phe 
1 5 
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(2) INFORMATION FOR SEQ ID NO:10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /label= Acetyl 

/note= "Acetyl is attached to the amino 
terminus of the peptide." 


(ix) FEATURE: 

(A)-NAME/KEY: Modified-site 
- -(B) LOCATION: 5 ' 

(D) OTHER INFORMATION: /label= NH 2 

/note= "NH 2 is attached to the carboxy 
terminus of the peptide." 


(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10: 

Arg Pro Thr Pro Tyr 
1 5 


(2) INFORMATION FOR SEQ ID NO:11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /label= Acetyl 

/note= "Acetyl is attached to amino 
terminus of peptide." 

(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 5 

(D) OTHER INFORMATION: /label= NH 2 

/note= "NH 2 is attached to the carboxy 
terminus of the peptide." 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11: 

Arg Pro Ser Pro Tyr 
1 5 


(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Modified-site - 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /label= Acetyl 

/note= "Acetyl is attached to the amino 
terminus of the peptide." 

(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 5 

(D) OTHER INFORMATION: '/label= pClPhe-NH 2 
/note= "The amino acid Phe is 
substituted with para-Cl and NH 2 is 
attached to the carboxy terminus of the 
peptide." 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12: 

Arg Pro Asp Pro Xaa 

1 5 


(2) INFORMATION FOR SEQ ID NO:13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /label= Decanoyl 

/note= "Decanoyl is attached to the 
amino terminus of the peptide." 
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(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 5 

(D) OTHER INFORMATION: /label= NH 2 

/note= "NHj is attached to the carboxy 
terminus of the peptide." 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13: 

Arg Pro Asp Pro Phe 

1 5 


(2) INFORMATION FOR SEQ ID NO:14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
'■■'■(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

' (A) NAME/KEY: Modified-site 
(B) LOCATION: 1 

(D) OTHER INFORMATION: /label= Acetyl 

/note= "Acetyl is attached to the amino 
terminus of the peptide." 


(ix) FEATURE: 

(A) NAME/KEY: Modif ied-site 

(B) LOCATION: 5 

■(D) OTHER INFORMATION: /label= NH 2 

/note= "NH 2 is attached to the carboxy 
terminus of the peptide." 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14: 

Arg Pro Glu Pro Phe 
1 5 


(2) INFORMATION FOR SEQ ID NO:15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(ix) FEATURE: .. 

(A) NAME/KEY: Modifled-site 

fB) LOCATION: 1 „ „ . - 

fD OTHER INFOBMATION: /label= Butyryl 
1 ; /note= "Butyryl is attached to the ammo 


- (ix) FEATURE: . .. 

(A) NAME/KEY: Modifled-site 
fB) LOCATION: 5 

fD) OTHER INFOBMATION: /label= NH 2 
1 /note= "NH 2 is attached to carboxy 

terminus of the peptide." 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15: 

Arg Pro Asn Pro Phe 

1 - - 5 . 
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CLAIMS 

1 . A pentapeptide having the formula: 
rI-V-W-X-Y-Z-R 2 

or "a pharmaceutically acceptable acid- or base-addition 
salt thereof, wherein 

R 1 is hydrogen or a C, to C I0 lower alkyl or alkanoyl; 

V is Arg; 

W is Pro, dehydro-Pro or hydroxy-Pro; 

X is Asp, Ser, Thr, Ala, Asn, Glu, or Gin; 

Y is Pro, dehydro-Pro, or hydroxy-Pro; 

Z is Phe or Tyr, optionally substituted with one or more 

halogen, nitro or hydroxyl group; 

and 

R 2 is OH or NR 3 R 4 , 

wherein R 3 and R 4 are each independently 
selected from the group consisting of H, a straight chain 
or branched alkyl or alkenyl having 1 to 6 carbon atoms, 
optionally substituted with an aryl group or aryl 
substituted with either a halogen or a straight chain, a 
branched alkyl or alkenyl having 1 to 6 carbon atoms, or 
R 3 and R 4 together comprise a cyclic methylene group of 3 
to 7 carbon atoms, and 

wherein all of V, W, X, Y and Z are L-amino 
acids or optionally one or more of V, W, X, Y and Z are D 
amino acids. 
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2. A pharmaceutical composition comprising a 
therapeutically effective amount of at least one 
pentapeptide of claim 1 in a pharmaceutically acceptable 
formulation. 

3. The composition according to claim 2 which 
is suitable for oral administration. 

4. A pentapeptide selected from the group 
consisting of: 

Acetyl-Arg-Pro-Asp-Pro-Phe-NH 2 , SEQ ID NO: l; 
Acetyl-Arg-Pro-Asp-Pro-Tyr-NH 2 , SEQ ID NO: 2; 
Acetyl-Arg-Pro-Asn-Pro-Phe-NH z , SEQ ID NO: 3; 

Acety l-Arg-Pro-Asn-Pro-Ty'r-NH 2 , SEQ ID NO: 4; 
Acetyl-Arg-Pro-Ala-Pro-Phe-NH 2 , SEQ ID NO: 5; 
Acetyl-Arg-Pro-Ala-Pro-Tyr-NH 2 , SEQ ID NO: 6; 
Acetyl-Arg-Pro-Glu-Pro-Tyr-NH 2 , SEQ ID NO: 7; 

Acety l-Arg-Pro-Ser-Pro-Phe-NH 2 , SEQ ID NO: 8; 

Acetyl-Arg-Pro-Thr-Pro-Phe-NH 2 , SEQ ID NO: 9; 
Acetyl-Arg-Pro-Thr-Pro-Tyr-NH 2# SEQ ID NO: 10; 
Acetyl-Arg-Pro-Ser-Pro-Tyr-NH z , SEQ ID NO: 11; 
Acetyl-Arg-Pro-Asp-Pro-pClPhe-NH 2 , SEQ ID NO: 12; 
Decanoyl-Arg-Pro-Asp-Pro-Phe-NH 2/ SEQ ID NO: 13; 
Acety 1 -Arg-Pro-Glu-Pro-Phe-NH 2 , SEQ ID NO: 14; and 
Butyryl-Arg-Pro-Asn-Pro-Phe-NH 2 , SEQ ID NO: 15. 
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5. A method for treating a subject with a 
physical condition characterized by a disorder of the 
immune system comprising administering to said subject a 
therapeutically effective amount of at least one 
pentapeptide having the formula: 

R'-V-W-X-Y-Z-R 2 

or a pharmaceutically acceptable acid- or base-addition 
salt thereof, wherein 

R 1 is hydrogen or a C, to C 10 lower alkyl or alkanoyl; 

V is Arg; 

W is Pro, dehydro-Pro or hydroxy-Pro; 

X is Asp, Ser, Thr, Ala, Asn, Glu, or Gin; 

Y is Pro, dehydro-Pro, or hydroxy-Pro; 

Z is Phe or Tyr, optionally substituted with one or more 

halogen, nitro or hydroxyl group; 

and 

R 2 is OH or NR 3 R 4 , 

wherein R 3 and R 4 are each independently 
selected from the group consisting of H, a straight chain 
or branched alkyl or alkenyl having 1 to 6 carbon atoms, 
optionally substituted with an aryl group or aryl 
substituted with either a halogen or a straight chain, a 
branched alkyl or alkenyl having 1 to 6 carbon atoms, or 
R 3 and R 4 together comprise a cyclic methylene group of 3 
to 7 carbon atoms, and 
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wherein all of V, W, X, 
acids or optionally one or more of 
amino acids. 


Y and Z are L — amino 
V, W, X, Y and Z are 


D 


6 . a method for treating a subject with a 
physical condition characterized by a disorder of the 
central nervous system comprising administering to saxd 
subject a therapeutically effective amount of at least 
one pentapeptide having the formula: 
r1_V-W-X-Y-Z-R 2 

or a pharmaceutically acceptable acid- or baee-addition 

salt thereof, wherein 

ye p lower alkyl or alkanoyl, 
r 1 is hydrogen or a C, to c 10 rower auiji 

v is Arg; 

W is Pro, dehydro-Pro or hydroxy-Pro; 

X is Asp, Ser, Thr, Ala, Asm, Glu, or Gin; 

Y is Pro, dehydro-Pro, or hydroxy-Pro; 

Z is Phe or Tyr, optionally substituted with one or more 

halogen, nitro or hydroxyl group; 

and 

R 2 is OH or NR 3 R 4 , 

wherein R 3 and R 4 are each independently 
selected from the group consisting of H, a straight chain 
or branched alkyl or alkenyl having 1 to 6 carbon atoms, 
optionally substituted with an aryl group or aryl 
substituted with either a halogen or a straight chain, a 
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branched alkyl or alkenyl having 1 to 6 carbon atoms, or 
R 3 and R 4 together comprise a cyclic methylene group of 3 
to 7 carbon atoms, and 

wherein all of V, W, X, Y and Z are L-amino 
acids or optionally one or more of V, W, X, Y and Z are D 
amino acids. 


7. A method for preparing a pentapeptide 
having the formula: 

‘ ; R^V-W-X-Y-Z-R 2 

or a pharmaceutically acceptable acid— or base-addition 
salt thereof, wherein 

R 1 is hydrogen or a to C 10 lower alkyl or alkanoyl; 

V is Arg; 

W is Pro, dehydro-Pro or hydroxy-Pro; 

X is Asp, Ser, Thr, Ala, Asn, Glu, or Gin; 

Y is Pro, dehydro-Pro, or hydroxy-Pro; 

Z is Phe or Tyr, optionally substituted with one or more 

halogen, nitro or hydroxyl group; 

and 

R 2 is OH or NR 3 R 4 , 

wherein R 3 and R 4 are each independently 
selected from the group consisting of H, a straight chain 
or branched alkyl or alkenyl having 1 to 6 carbon atoms, 
optionally substituted with an aryl group or aryl 
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substituted, with either a halogen or a straight chain, a 
branched alkyl or alkenyl having 1 to 6 carbon atoms, or 
R 3 and R 4 together comprise a cyclic methylene group of 3 

to 7 carbon atoms, and 

wherein all of V, W, X, Y and Z are L-amino 
acids or optionally one or more of V, W, X, Y and Z are D 
amino acids; 

said method comprising solid phase synthesis. 

8. A method for preparing a pentapeptide 
having the formula: 

R 1 -V-W-X-Y- Z -R 2 . 

or a pharmaceutically acceptable acid- or base-addition 
salt thereof, wherein 

R 1 is hydrogen or a C x to C 10 lower alkyl or alkanoyl; 

V is Arg; 

W is Pro, dehydro-Pro or hydroxy-Pro; 

X is Asp, Ser, Thr, Ala, Asn, Glu, or Gin; 

Y is Pro, dehydro-Pro, or hydroxy-Pro; 

Z is Phe or Tyr, optionally substituted with one or more 

halogen, nitro or hydroxyl group; 

and 

R 2 is OH or NR 3 R\ 
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wherein R 3 and R 4 are each independently- 
selected from the group consisting of H, a straight chain 
or branched alkyl or alkenyl having 1 to 6 carbon atoms, 
optionally substituted with an aryl group or aryl 
substituted with either a halogen or a straight chain, a 
branched alkyl or alkenyl having 1 to 6 carbon atoms, or 
R 3 and R 4 together comprise a cyclic methylene group of 3 
to 7 carbon atoms, and 

wherein all of V, W, X, Y and Z are L-amino 
acids or'optionally one or more of V,- W, X, Y and Z -are D 
amino acids; 

said method comprising solution phase 

synthesis. 

9. The method according to claim 8 wherein 
said pentapeptide is selected from the group consisting 
of: 

Acetyl-Arg-Pro-Asp-Pro-Phe-NH 2 , 
Acetyl-Arg-Pro-Asp-Pro-Tyr-NH 2 , 

Acetyl-Arg-Pro-Asn-Pro-Phe-NH 2 , 
Acetyl-Arg-Pro-Asn-Pro-Tyr-NH 2 , 

Acetyl-Arg-Pro-Glu-Pro-Tyr-NH 2 , 
Acetyl-Arg-Pro-Ser-Pro-Phe-NH 2 , 

Acetyl-Arg-Pro-Thr-Pro-Phe-NH 2 , 

Acetyl-Arg-Pro-Thr-Pro-Tyr-NH 2 , 
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Acetyl-Arg-Pro-Ser-Pro-Tyr-NH 2 , 
Acetyl-Arg-Pro-Asp-Pro-pClPhe-NH 2/ 
Decanoyl-Arg-Pro-Asp-Pro-Phe-NH 2 , 

Acetyl-Arg-Pro-G lu-Pro-Phe-NH 2 , and 

Butyryl-Arg-Pro-Asn-Pro-Phe-NH 2 . 
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AMENDED CLAIMS 

[received by the International Bureau on 23 November 1992 (23.11.32); 
original claims 1,4-8 amended; new claim 10 added; 
other claims unchanged (8 pages)] 

1. A pentapeptide having the formula: 

R 1 -V-W-X-Y-Z-R 2 

or a pharmaceutically acceptable acid- or base-addition 
salt thereof, wherein 

R 1 is hydrogen or a to lower alkyl or alkanoyl; 

V is Arg; 

W is Pro, dehydro-Pro or hydroxy-Pro; 

X is Asp, Ser, Thr, Asn, or Glu; . - 

Y is Pro, dehydro-Pro, or hydroxy-Pro; 

Z is Phe or Tyr, optionally substituted with one or more 

halogen, nitro or hydroxyl"group; 

and 

R 2 is OH or NR 3 R 4 , 

wherein R 3 and R 4 are each independently selected 
from the group consisting of H, a straight chain or 
branched alkyl or alkenyl having 1 to 6 carbon atoms, 
optionally substituted with an aryl group or aryl 
substituted with either a halogen or a straight chain, a 
branched alkyl or alkenyl having 1 to 6 carbon atoms, or 
R 3 and R 4 together comprise a cyclic methylene group of 3 
to 7 carbon atoms, and 

wherein all of V, W, X, Y and Z are L-amino acids or 
optionally one or more of V, W, X, Y and Z are D amino 
acids. 
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2. A pharmaceutical composition comprising a 
therapeutically effective amount of at least one 
pentapeptide of claim 1 in a pharmaceutically acceptable 

formulation. 

3. The composition according to claim 2 which is 
suitable for oral administration. 

4. A pentapeptide selected from the group consisting of 

Acetyl-Arg-Pro-Asp-Pro-Phe-NH 2 , SEQ ID NO: 1, 
Acetyl-Arg-Pro-Asp-Pro-Tyr-NH 2 , SEQ ID NO: 2; 
Acetyl-Arg-Pro-Asn-Pro-Phe-NH 2 , SEQ ID NO: 3; 
Acetyl-Arg-Pro-Asn-Pro-Tyr-NH 2 , SEQ ID NO: 4; 
Acetyl-Arg-Pro-Glu-Pro-Tyr-NH 2 , SEQ ID NO: 7; 
Acetyl-Arg-Pro-Ser-Pro-Phe-NH 2 , SEQ ID NO: 8; 
Acetyl-Arg-Pro-Thr-Pro-Phe-NH 2 , SEQ ID NO: 9; 
Acetyl-Arg-Pro-Thr-Pro-Tyr-NH 2 , SEQ ID NO: 10; 
Acetyl-Arg-Pro-Ser-Pro-Tyr-NH 2 , SEQ ID NO: 11; 
Acetyl-Arg-Pro-Asp-Pro-pClPhe-NH 2 , SEQ ID NO: 12 
Decanoyl-Arg-Pro-Asp-Pro-Phe-NH 2/ SEQ ID NO: 13; 
Acetyl-Arg-Pro-Glu-Pro-Phe-NH 2 , SEQ ID NO: 14; 
and Butyryl-Arg-Pro-Asn-Pro-Phe-NH 2 , SEQ ID NO: 


15 . 
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5. A method for treating a subject with a physical 
condition characterized by a disorder of the immune 
system comprising administering to said subject a 
therapeutically effective amount of at least one 
pentapeptide having the formula: 

Ri-V-W-X-Y-Z-R 2 

or a pharmaceutically acceptable acid- or base-addition 
salt thereof, wherein 

R 1 is hydrogen or a C x to C 10 lower alkyl or alkanoyl; 

V is Arg; - - ' . 

W is Pro, dehydro-Pro or hydroxy-Pro; 

X is Asp, Ser, Thr, Asn, or Glu; 

Y is Pro, dehydro-Pro, or hydroxy-Pro; 

Z is Phe or Tyr, optionally substituted with one or more 

halogen, nitro or hydroxyl group; 

and 

R 2 is OH or NR 3 R 4 , 

wherein R 3 and R 4 are each independently selected 
from the group consisting of H, a straight chain or 
branched alkyl or alkenyl having 1 to 6 carbon atoms, 
optionally substituted with an aryl group or aryl 
substituted with either a halogen or a straight chain, a 
branched alkyl or alkenyl having 1 to 6 carbon atoms, or 
R 3 and R 4 together comprise a cyclic methylene group of 3 
to 7 carbon atoms, and 
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wherein all of V, W, X, Y and Z are L-amino acids or 
optionally one or more of V, W, X, Y and Z are D amino 
acids. 

6. A method for treating a subject with a physical 
condition characterized by a disorder of the central 
nervous system comprising administering to said subject a 
therapeutically effective amount of at least one 
pentapeptide having the formula: 

r^v-w-x-y-z-r 2 

or a pharmaceutically acceptable acid- or base-addition 
salt thereof, wherein 

R 1 is hydrogen or a C x to C 10 lower alkyl or alkanoyl; 

V is Arg; 

W is Pro, dehydro-Pro or hydroxy-Pro; 

X is Asp, Ser, Thr, Asn, or Glu; 

Y is Pro, dehydro-Pro, or hydroxy-Pro; 

Z is Phe or Tyr, optionally substituted with one or more 

halogen, nitro or hydroxyl group; 

and 

R 2 is OH or NR 3 R 4 , 

wherein R 3 and R 4 are each independently selected 
from the group consisting of H, a straight chain or 
branched alkyl or alkenyl having 1 to 6 carbon atoms, 
optionally substituted with an aryl group or aryl 
substituted with either a halogen or a straight chain, a 
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branched alkyl or alkenyl having 1 to 6 carbon atoms, or 
R 3 and R 4 together comprise a cyclic methylene group of 3 
to 7 carbon atoms, and 

wherein all of V, W, X, Y and Z are L-amino acids or 
optionally one or more of V, w, X, Y and Z are D amino 
acids. 


7. A method for preparing a pentapeptide having the 
formula: 

. R 1 —V-W-X-Y-Z-R 2 - • - 

or a pharmaceutically acceptable acid— or base-addition 
salt thereof, wherein 

R 1 is hydrogen or a to C 10 lower alkyl or alkanoyl; 

V is Arg; 

W is Pro, dehydro-Pro or hydroxy-Pro; 

X is Asp, Ser, Thr, Asn, or Glu; 

Y is Pro, dehydro-Pro, or hydroxy-Pro; 

Z is Phe or Tyr, optionally substituted with one or more 

halogen, nitro or hydroxyl group; 

and 

R 2 Is OH or NR 3 R 4 , 

wherein R 3 and R 4 are each independently selected 
from the group consisting of H, a straight chain or 
branched alkyl or alkenyl having 1 to 6 carbon atoms, 
optionally substituted with an aryl group or aryl 
substituted with either a halogen or a straight chain, a 
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branched alkyl or ulkenyl having 1 to 6 carbon atoms, or 
r 3 and R 4 together comprise a cyclic methylene group of 3 

to 7 carbon atoms, and 

wherein all of V, W, X, V and Z are L-amino acide or 
optionally one or more of V, «, X, Y and z are D amino 
acids; 

said method comprising solid phase synthesis. 

8. A method for preparing a pentapeptide having the 

formula: 

R 1 —V-W—X-Y-Z-R 2 

or a pharmaceutically acceptable acid- or base-addition 
salt thereof, wherein 

R i is hydrogen or a C x to C 10 lower,alkyl or alkanoyl; 

V is Arg; 

w is Pro, dehydro-Pro or hydroxy-Pro; 

X is Asp, Ser, Thr, Asn, or Glu; 

Y is Pro, dehydro-Pro, or hydroxy-Pro; 

Z is Phe or Tyr, optionally substituted with one or more 

halogen, nitro or hydroxyl group; 

and 

R 2 is OH or NR 3 R 4 , 

wherein R 3 and R 4 are each independently selected 
from the group consisting of H, a straight chain or 
branched alkyl or alkenyl having 1 to 6 carbon atoms. 
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optionally substituted with an aryl group or aryl 
substituted with either a halogen or a straight chain, a 
branched alkyl or alkenyl having 1 to 6 carbon atoms, or 
R 3 and R 4 together comprise a cyclic methylene group of 3 
to 7 carbon atoms, and 

wherein all of V, W, X, Y and Z are L-amino acids or 
optionally one or more of V, W, X, Y and Z are D amino 
acids; 

said method comprising solution phase synthesis. 

9. The method according to claim 8 wherein said 
pentapeptide selected from the group consisting of: 
Acetyl-Arg-Pro-Asp-Pro-Phe-NH 2 , 
Acetyl-Arg-Pro-Asp-Pro-Tyr-NH 2 , 

Acetyl-Arg-Pro-Asn-Pro-Phe-NH 2 , 
Acetyl-Arg-Pro-Asn-Pro-Tyr-NH 2 , 

Acetyl-Arg-Pro-Glu-Pro-Tyr-HH 2 , 
Acetyl-Arg-Pro-Ser-Pro-Phe-NH 2 , 
Acetyl-Arg-Pro-Thr-Pro-Phe-NH 2 , 

Acetyl-Arg-Pro-Thr-Pro-Tyr-NH 2 , 

- Acetyl-Arg-Pro-Ser-Pro-Tyr-NH 2 , 

Acetyl-Arg-Pro-Asp-Pro-pClPhe-NH 2 , . 
Decanoyl-Arg-Pro-Asp-Pro-Phe-NH 2 , 
Acetyl-Arg-Pro-Glu-Pro-Phe-NH 2 , and 
Butyryl-Arg-Pro-Asn-Pro-Phe-NH 2 . 
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10. The use of a pentapeptide having the formula: 
R 1 -V-W-X-Y-Z-R 2 

or a pharmaceutically acceptable acid- or base-addition 
salt thereof, wherein 

R i is hydrogen or a C x to C 10 lower alkyl or alkanoyl; 

V is Arg; 

W is Pro, dehydro-Pro or hydroxy-Pro; 

X is Asp, Ser, Thr, Asn, or Glu; 

Y is Pro, dehydro-Pro, or hydroxy-Pro; 

Z is Phe or Tyr , optionally substituted- with one or more 

halogen, nitro or hydroxyl group; 

and 

R 2 is OH or NR 3 R 4 , 

wherein R 3 and R 4 are each independently selected 
from the group consisting of H, a straight chain or 
branched alkyl or alkenyl having 1 to 6 carbon atoms, 
optionally substituted with an aryl group or aryl 
substituted with either a halogen or a straight chain, a 
branched alkyl or alkenyl having 1 to 6 carbon atoms, or 
R 3 and R 4 together comprise a cyclic methylene group of 3 

to 7 carbon atoms, and 

wherein all of V, W, X, Y and Z are L-amino acids or 
optionally one or more of V, W, X, Y and Z are D amino 
acids; 

in the preparation of a pharmaceutical composition 
useful for the treatment of a disorder of the immune 
system and/or a disorder of the central nervous system. 
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